IN 1975, Ames and his colleagues showed that permanent and semipermanent hair dyes and some of their constituents were mutagenic in a bacterial screening system (Ames et al., 1975) . Following this work, a number of epidemiological studies of the carcinogenicity of hair dyes have been reported. This literature was summarized in an earlier report of this study (Stavraky et al., 1979) , and in an IARC monograph (IARC, 1978) . Since these publications, three epidemiological studies have been reported. Shore et al. (1979) , in a study of 129 breast-cancer patients and 193 controls drawn from a multiphasic screening clinic, showed a statistically significant relationship between quantity of dye used (number of years used multiplied by annual frequency) and breast cancer after controlling for confounding variables. The relationship was not strong and was virtually confined to women over 50 years of age, and to those at lowest natural risk for breast cancer. Another case-control study by Nasca et al. (1980) sources in each city. In Toronto, neighbourhood conitrols were selected; in London, controls were chosen from women hospitalized for illnesses other than cancer. For details of the methods, the reader is referred to the earlier paper (Stavraky et al., 1979 Gart (1962) . The extent to which confounding factors may have contributed to the results has been examined by logistic regression analysis (Cox, 1970) with case vs control as the dependent variable. These analyses disregarded matching because the crude unmatched and matched risk ratios were similar The crude risk ratios for cancers of specific sites among users of permanent or semipermanent dye are shown in Table II . Since the risks were generally similar among users of permanent dyes, or users of either permanent or semipermanent dyes, results have been shown only for the latter group. In the interest of simplicity, the words "hair dyes" will be used in place of "permanent or semipermanent dyes". The risks of the various cancers among dye users were not consistently high in both cities. Where the risk ratio was raised in one city, it was not raised in the other. None of the risk ratios was significantly above one.
In an earlier paper a risk of breast cancer among hair-spray users in Londonwhich was 3-4 times greater than that among non-users was reported. Therefore, the risks of other cancers among hair-spray users were examined. There was no increased risk among hair-spray users of cancer of any specific site except breastcancer cases in London.
To examine the possibility of a doseresponse relationship, the risks of each cancer with age at first use (< 40 and 40+), total number of dye applications (<50 and 50+), and duration of use (<10 years and 10 years +) were examined. These analyses provided no consistent evidence of increasing risk of cancer § Adjusted by multiple logistic re for possible confounding variables ii site (Cox, 1970 users, use of oral contraceptives and hair 1-4 (0 7, 29)t spray were found to have significant 1-2 (0-6, 2-6) positive associations with hair-dye use, independent of age at interview, and in both cities. A positive association between hair-dye use and smoking in both cities 1-3 (0-6, 2 7)
reached statistical significance only in 0-7 (0-3,1-9) London.
0 2 (01 02°9) Possible interactions between hair dyes and 02 (0.02, 1.2) specific cancers 1-9 (0-6, 5.2) An attempt was made to look for inter-1-7 (0 5, 6.5) actions between use of dye and the major risk factors for cancers of breast, cervix and lung. There was no evidence of a con---sistent pattern of increased risks of cancer among hair-dye users who were either at 1.4 (0-5, 3 6) high or low risk of the specific cancers.
1-2 (0-4, 3-8) For dye users with a history of benign r used these dyes. breast disease, as opposed to those with no oolf's method as such history, the risks of breast cancer were 2-8 (0.7, 9.2) and 1-8 (0-6, 5.4) previously pub-~i odnad09 (.,42 are included for respectively in London and 0y9 (0-2, 4-2) and 0-8 (0.1, 6.2) If the London and Toronto data for cancer among each site were amalgamated, the sample ific data were size of 70 cases and 140 controls would i might have permit detection of a risk of 2 7 with the risk. Logistic same a and ,B errors. The results for comto adjust the bined data were not presented in the paper r the possible because inspection of the results for each ,riables identi-city indicated clearly the absence of positive relationships in the combined data. On the other hand, presentation of the city-specific data revealed the consistent absence of large increases in risk with hair-dye use, at any site, in both cities. It seems unlikely, therefore, that risks as large as 2-7 have been missed. Shore et al. (1979) have suggested that a carcinogenic effect of hair dye is present only among women at low risk of breast cancer; Nasca et al. (1980) raised the possibility that hair dyes act in combination with another risk factor. This study found no interactive effects between hair dyes and other risk factors for cancers of breast, cervix and lung, but given the small numbers studied at each site, only very large effects could have been detected. Further study of this important issue will be required. Possible sources of bias Sources of bias which might have obscured an increased risk of cancer among dye users* were discussed in an earlier paper (Stavraky et al., 1979) . If hair dyes require a long latent period before any carcinogenic effect becomes apparent, this study could have failed to detect carcinogenicity because the small numbers of women with each type of cancer who used hair dyes 10 or more years before diagnosis precluded detailed analysis.
In the hospital control group used in London there was no association between diagnostic group and hair-dye use; it is unlikely, therefore, that unsuspected associations between hair-dye use and diagnosis introduced bias. Given the general consistency of the results in the two cities, it is also unlikely that the use of neighbourhood controls was a source of bias. The two control groups produced similar estimates of many attributes; the comparison of the control groups will be the subject of a separate paper.
Considering the general consistency of the results, in different cities, using different control groups, and for a number of sites of cancer, we conclude that this study did not provide evidence that hair dyes are strong carcinogens in humans in circumstances of normal use.
